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WE: AW B TR 2 8 £ 77 (ADP) X /N BB R 2RI B (AD) FEAT 9 I oS08 16 T R AL o SR 6 v AR
AR 0 - TR AT I 18] B AR bR 2 ADP I EE RS o LA D= FLbE (D-gal) P [F] AB,, 2 KR (APO) 5 5 /N AD
1709, 18 A 2 P AT 207 1 VFfil ADP /N B AD FEAT N (R 820 5 Nissl J% €855 37 55 045 00 5% 15 T 28 21 03 BT 248 2
A5 ELISA I 404k S8 38R 28 S AH 55 R 7 7K 7 ; Western blot 45 ) AB Tau £l 5 27 4EBE 1 55 (1 (GFAP) ik . 4
TCMSP F1 HERB % 4 & i %2 ADP 135 14 % 43, FI| FH Swiss Target Prediction “F* & T0 Wl 36 P4 5% 2 176 FH#E i @i
TTD.OMIM. GeneCards F DisGeNET #{ 4/ J22 T ll AD [ 5 # £ ; 18 ] Metascape FU4fE J22 % F2 47 ¥ 2 3H 4T GO,
KEGG B HE 0 #T. 454 GO FIKEGG 70 HT 45 AT 7R 4 5230 30 TE, M PI3K/AKt 4515 53 5 LA K 8 fish T B 11 2 4R 50
ADP 03/ B AD FEAT RIS ZERLE] . 55 48 H Autodock Vina % ADP [F#% 0 B 2> 5 CLBRIE 0 A AT 40 T 0 4.
Y SEI 2 e B B 25 K sh e B 25 5L S b HE (b 5 . AHUCM-mouse-2021080). £5 R £, ADP & H
ginsenoside Rgl . ginsenoside Rb1 . tenuifolin. poricoic acid B.a-asarone 25 F AL # il 43 . ADP ¥ % £ 3% D-gal ) [F]
ABO 5 T 11 AD /N BUEE FEREAT NRCAZ IR 05, (R4 B b 2 0, BRI S B IORT 2 RE /K7, 30 AB B 2 4k Tau
o 4 2 B A A AR OR PISKY/AKeF5 15 510 % LA K 5 9 fid i IESAH G (1) 20 i 28 7 W] 8 2% ADP 2032 AD (1 X8 [H 5%
SR — D A E ADP {E F AT LB iR/ R D N-FIE-D-REE IR 2 T R E R 214 2A (GluN2A) . S fi i 8%
195 (PSD95) £ 2K (1§ 1 (calpain-1) B R AL R (1A B (p-Akt) B BR AL 2F IR IR B 2 o1 45 & 2R [ (p-CREB).
i 5 P 4 58 3% LT (BDNF) [ R ik, #0181 p-GluN2B 1 calpain-2 ik . 4 7 X 5 45 B % 9, ADP B #% 0 1% 4>
panaxacol. dehydroeburicoic acid.deoxyharringtonine %5 5 £ 5 {lF ¥ &1 GRIN2A .GRIN2B.PSD95 £ 35 B A5 K ok 45 &
J1o 4 LR, ADP g8 3% D-gal P[] ABO 5 F 1/ B AD BEFR BEAR AL AN 47 e 28, LI F ML AT B A1 NMDAR/
calpain. Akt/CREB/BDNF il % — 5& f) J< Bk 14
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(ADP) on Alzheimer's disease (AD)-like behavior in mice and its mechanisms. The main chemical components of
ADP were identified by ultra performance liquid chromatography-time-of-flight mass spectrometry (UPLC-Q-TOF-
MS). The AD-like mouse model was induced by D-galactose (D-gal) combined with Ap, ,, oligomer (AfO). The
effect of ADP on AD-like behavior in mice was assessed using various behavioral experiments;
pathomorphological changes in mouse hippocampal tissue were observed by Nissl staining and transmission
electron microscopy; ELISA was used in the assessment of oxidative stress factors and inflammation-related factor
levels; Western blot was performed to detect the expression of Af, Tau and glial fibrillary acidic protein (GFAP)
proteins. The active components of ADP were screened according to TCMSP and HERB database, and the action
targets of active components were predicted by Swiss Target Prediction platform. In addition, the targets of AD
were predicted through DisGeNET database. Further, GO and KEGG enrichment analysis of common targets was
carried out by Metascape database. Combined with the results of GO and KEGG analysis, in vivo experiments were
carried out to explore the potential mechanism of ADP improving AD-like behavior in mice from the PI3K/Akt,
calcium signal pathway and synaptic function. Finally, the core components of ADP were molecularly docked to
the validated targets using Autodock Vina. Animal experiments were approved by the Animal Ethics Committee of
Anhui University of Chinese Medicine (approval number: AHUCM-mouse-2021080). The results showed that the
five chemical components, including ginsenoside Rgl, ginsenoside Rb1, tenuifolin, poricoic acid B and a-asarone
were found in the ADP. ADP significantly improved the anxiety-like behavior and memory impairment, protected
hippocampal neurons, decreased the levels of oxidative stress and inflammation, and inhibited the expression of Af
and p-Tau induced by D-galactose combined with ASO in mice. The results of network pharmacology suggested
that PI3K/Akt, calcium signal pathway and cell components related to postsynaptic membrane might be the key
factors for ADP to improve AD. Animal experiments revealed that ADP up-regulated N-methyl-D-aspartate
receptor 2A (GIuN2A), postsynaptic density protein 95 (PSD95), calpain-1, phosphorylated protein kinase B
(p-Akt), phosphorylated cAMP response element binding protein (p-CREB), brain-derived neurotrophic factor
(BDNF) expression and inhibited p-GluN2B and calpain-2 expression in the hippocampus of AD-like mice. The
molecular docking results demonstrated that the core components of ADP, such as panaxacol, dehydroeburicoic
acid, deoxyharringtonine, etc. had a high binding ability with the validated targets GRIN2A, GRIN2B, PSD95, etc.
In summary, our results indicate ADP improves AD-like pathological and behavioral changes induced by
D-galactose combined with ASO in mice, and the mechanism might be related to the NMDAR/calpain axis and Akt/
CREB/BDNF pathway.
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B[ R K HF BRI (Alzheimer's disease, AD) LL\ 1T
RE PR AG g BLARLRRAE, IR £ I8 AR 1A SR
AD B R T4 NBE, B B R, T 4 SRk P K Je 52 4F
B, HE 201945, AD LN E 2 B R
ToEE KRR, 4 N FEES E A 288 T E R
B, L2 Oy R R E LY. FDA fit#EH T8
J7 AD 259 B0 48 N-F B:-D- R 14X & (N-methyl-D-
aspartate, NMDA) 52 {4 BH i 751 F1 2 15k JF Bl 155 7 417 ) 751)
(acetylcholineesterase inhibitors, AChEI) &5 . #A1M, iX
B2 R e A IR, ¥R g R . ARk, B
LR IR IT 290 I AT R UL, X AR B AN R
HAANTFRDEMREFFGITSR, BUFE AR
Z T AIBIT TIRE SRnG . RS 2 i 2R A
B[R T AR 55 BT BE RCH AD 25 WA K HR ) E 5
.

L GRIE TR A TE&ETD), FihGE, he
BT 2 Bl B I HE A T S5 R 5K DA O B
fith, 38 0 e 24 R B AT LG, B H T 2 R T R
IR, 22T (Anshen Dingzhi Prescription,
ADP) il 8 T E L Z (08 . 7O
WX 7 N & (Panax ginseng C. A. Mey., RS). Tk &
[Poria cocos (Schw.) Wolf, FL].iZ & (Polygala tenuifolia
Willd., YZ)- i & i (Acorus tatarinowii Schott, SCP) ]
FAl B T R4 (Poria cum Radix Pini, FS)~ J¥ ik
(Dens Draconis, LC) Bk H 24, BA (M a8 &
B VLA DR IR, ADP FE IR AR R
B3 5 IS U5 SV ] R R i R U S e 1R F 9 7
2B 7T 2 RPE, fR3E 1 54 (I R A S H .
SR, ADP £ 205 LA b5 1) 24 2800 ot B: Al S Ll it
BAW TR . ALY, ADP ] DL i 1 )
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AD 2 B2 R0 K BB 2 miR-103a-3p mRNA [ KA,
BHL b oG 35 14 44 28 %5 % Al -7 (brain-derived neurotrophic
factor, BDNF). /i % FR ¥ i 5 1K B (tyrosine kinase
receptor B, TrkB) ]~ [, HKAH Tau & F 1 B IR 1L,
MR FELRAE T SR, H AT ST ADP /2 @] 2
3% AD FEAT N LA S BAR ML) i A B R 4, W i —
ST .

AW T LA D- - FLHE (D-galactose, D-gal) 1 7]
AP, TR (AP oligomer, ABO) % T (/N iR AD FEAT
AT B, R NR T ADP Xt AD FEAT M 1) 2503 1
KA, - 25 (B277) I R B i AD 5 S8 A
B . 1 %, FIH UPLC-Q-TOF-MS £ A Xt ADP Hi
B 32 B 2 B A R AT A s fE L BEAE b, S8 R R R
D-gal ) 6] 5 T [X 58 A7 V£ 5 ABO 5 5 /N L AD FEBY,
FIRAT N5 T7 15 VPG ADP X AD # /)N A RS AT A
5 20 ARG AR ;1 — 0 R ) 4 24 3 2 T B AR
Bt ADP Xf AD ¥ £ 48 53 152 10, iR 95 GO A1 KEGG 7>
T 45 5 . NMDA /calpain #li /v F ] Akt/CREB/BDNF
JH PR 7 ADP B0 /N B AD FEAT RN AL, e
R 735 X 82 (0 07 5 VE A ADP #0075 250 F #1E
KA IAER . AWFFE 22t € E7716 797 AD N H
PRt E LA

MR5REE

KZH 53 RS.FL.FS.YZ.SCPMILC I H %
b B 2 K22 58 — P B R B, Hh 22 Bl B2 24 K 5 ) 2
M SR TS T, FEAE T B B 2 K228 2
RHEMWE ALK E,; NSRBI Rel (Z18S9L70220).
A Z %2 # Rbl (G01011Y126429). 40 M it & 2 #F
(R23N8F49013) Iy H _Fifg s mt AW B A BR 2 A, 1R
X Wi B (DSTDF004701) a- 41 3 i (DST201025-044)
Vi H RHT SR 3R R IR 245 A W) W RE A 20 43 ) e 3
TEDIA /A ] Al Fisher A &, HER W H Bl 42 T A A .
D-gal (D8310) 4 [ JL 5% Solarbio A & ; AB, ,, (A-42-T-
1) 14 H L GenicBio A #; 2 Z WK% F (2102080) 14
H A (R ) 25 655 G A A Y AL B (superoxide
dismutase, SOD, A001-3). N — [#% (malondialdehyde,
MDA, A003-1). % it T ik (glutathione, GSH, A061-1)
Vi) 1 T A AR A ] ) & ) 3R -6 (interleukin-6,
IL-6, JL20268). /it 8 5 JE [Al -1 -a (tumor necrosis factor
alpha, TNF-a, JL10484) It 5 _E##VL3R Y 24 ] BCA
EEERRA A (062321211115 I H EilE = KA
A N-FED-REAZABRE THAARKRT K 2A
(N-methyl-D-aspartate receptor 2A, GIuN2A, #4205). N-
FJE-D- R A E R B T B4 A MR %2 4k 2B (N-methyl-D-

aspartate receptor 2B, GIuN2B, #4207). 2 fitl /5 30 % &
F1 95 (postsynaptic density protein 95, PSD95, #3450).
i (14 B (protein kinase B, Akt, #9272). B2 1t & 11
P B (phosphorylated protein kinase B, p-Akt, #4060) .
% 2 At L 30 ¥ 75 0 % & ¥ 2R A (phosphorylated
mammalian target of rapamycin, p-mTOR, #5536) Hi &
¥ H 2 [E Cell Signalling Technology /A ] ; p-GluN2B
(160673) Tau (R25863)~ p-Tau (381213). BDNF (381133)
PRI B RS IE R 2E ) A F]; AR (WL01427). mTOR
(WL02477) Btk R 5 R w5 5T 21 4k 2 11
£ [ (glial fibrillary acidic protein, GFAP, bs-0199R) #i
AT A o SRR A D 5 B IR PR I R 2 e A 4
& £ A (phosphorylated cAMP response element binding
protein, p-CREB, #9198) Hi & #J & 3¢ [& Santa Cruz 2
H] ;45 2K (1% 1 (calpain-1, 10538-1-AP). 45 & 1 /i 2
(calpain-2, 11472-1-AP) #i & 14 B 3% [# Proteintech
YNEIP

BP211D & i 7 K °F (4 E SARTORIUS 24 #)); #
i AR R R B DY B M ROAT R T R A,
ACQUITY UPLC BEH C18 i f (2.1 mm x 100 mm,
1.7 um) (3£ B Waters /A #)); # 40 /K 16 R 4t (3£
Millipore 2~ &); i S2AK 8 LA (R YIFR IR AR A 7); 3
VAT R R G (LIRS BER A A &4 R R
A4t (B KH| Ugo Basile 2 7]); VideoMot2 & 5l ¥ . ik
T &R G (48 E TSE 2 ) 4 ik K B A A (%
Thermo 2 7); DP70 A% %% & it 8% (H 4% Olympus 2
H]); UC-7 848 ¥ 1) L (4% [E LEICA A ®]); HT7700
Y% B H T BB (H A HITACHI 2 7); FluorChem
FC3 B 5% 40 BT & 4t (3% [ Alpha Innotech 2 7));
EPS600 Y FL KX (B RBERHEA R A A]).

SLIGENY AR (23 +2) g B9 SPF ZutfEME C57BL/6
/NER (8 ) T B B IR SIS S R A IR A A,
YA IE S SCXK (#) 2019-0002. &4 1 i &
(55 = 10)%, & F (22 +£2) °C, 12 /12 h B R =8 % 136
B v BV SR 1, REOR AT BASRAS 78 R 1) | A Al
HK e FTA SRR T 35 2 BUh BR 2 RS ah it B 2
b UE I B (IS AHUCM-mouse-2021080).

ADPEENUFR T HIEE

ADP W ) & FRECE 77 & PR IR N
Z I E 530 g, A B RE 15 go A 10 f51AF
(17K 3230 30 min f5 BT 1 h, i J8; 250N 8 £ & 1Y
TRk 238 40 min, U8, & FF 2 KU, Wef: 2 Kk i
2 EFELE, 40 CCHR R TIREIE (1 g TS T
JRZiH 17.44 g) VR TR liAF T-20 °C&H . &
0.5 g ADP ¥ T4, H 5 mL 75% FF B2 ¥ fi@t, iR e iR 21,
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#7510 min J5 § B 12 h, 4 °C, 12 000 r'min" & O
10 min, FiEE A 0.22 um B HLJE BT JE, MIER &
UPLC-Q-TOF-MS #4347 o

TR BN HE TR EC R A O I N S B
Rgl. A2 21 Rbl 413z & B R Z R B Al -4l ¢
Pk 1 5, R AR OE, VA R 9T 0B 45, C i 1 mg-mL!
B, T 4 CCRETE & - R BUS i 46 OE &, I H
T oBE 22 T 5 R B K 2 0.050..0.075.0.075.0.075 Al
0.050 mg-mL" J& & X M 5 ¥ W, 0.22 pum A AL JE

IXER AT B 25 AR A 35 °C, BERE AR 1 L,
it 5 0.2 mL-min™, 30 AH H 0.1% (v/v) 1) B R K
(A) FIZ I (B) A B BEMFE T W R : 0~6.0 min
N 5%~11% B, 6.0~14.0 min N 11%~15% B, 14.0~
16.0 min A 15%~17% B, 16.0~22.0 min Jy 17%~
19% B, 22.0~24.0 min N 19%~21% B, 24.0~
44.0 min A 21%~33% B, 44.0~50.0 min A 33%~
39% B, 50.0~55.0 min N 39%~44% B, 55.0~
60.0 min 4 44%~95% B, 60.0~62.0 min ¥ 95%~5%
B, 62.0~65.0 min N 5% B. #3176 br TG YA R,
K E SRR AR AT IR

JoR R SR YR A T 5 R TR (EST), BAIE
g A AR ER A, BAE RIS EE TSN
3.0 KV B TR 2.5 KV T I FEE R v 71 S A i
£ 43 51 2 120 F1 350 °C; LA A R B 8 751 <4 v 3k
4y ) A 50 A1 400 L-h'; i & Y5 F 4 50~1 200 Da;
MS*”: fIGAIE 1 fE 58 6 V, 1 Ailh 38 fE & 20~40 V. 5L
P R A ok B2 o A FH 9 A 200 pg-mL! 5% &R A HE i
T WOHEAT SERF AR IE o Z04lE SR ) Masslynx V4.1 #4433k
1700 BRI 8] SR T T R B TE
KL G A TR Bont R IR SR A B AR E S A FEAL
“EW.

AR, BRIAEMGIE R 5T HRiE s
% ABO. ¥ AR LET/NEFWEES, %4, =RHE
1 h, 38 RUHE P FE T 28 0 R JOR R . PR T B A LK
JIE, 2% 1% 0 N TR A 1 PBS ¥ R, OB & BT T R E
(5 pg-uL ™), WHEIR ST, 4 °CHEE 1 RIS .

AD HNRIRBIMHIZ RAZE 40 H/NRUIE N
MEFE 1 G BENL 7 R T AR YL (sham) BB 4 (D-gal+
APO). % fil 58 & 7 4 (D-gal+ABO+ADP) Fll £ 43R 55
2 (D-gal+ApO+Don), 20 10 R . & sham 2 4b, 4
4 Fz B ¥ 5t D-gal (600 mg-kg'-d), #4248 JH; M
21 RIF UG, 45 245 40 R PH 1 24 41 4y 590 9 18 45 245 ADP
(0.78 g 4224 -kg'-d") B Don (2 mg-kg'-d"), sham 2 F/l
D-gal+ABO 45 T S5 AV 715 55 28 R I, H1 2% 7

TR R I, B S A s A6 AT /I B Sk 5, B R AT L JE X
A B 8 s B A L 2 (E AN I 0.02 mme HRAE (/)
B 7 Ak 5 7 PR ) BT A B, 3 AT X A
)5 2.3 mm, /2457 % 5591 1.75 mm, JEATBEFL. XU
Ly #5 LA 200 nL-min™ ) 38 5 Z2 48 13 5 ABO 1 pL, ¥R
N2 mm. B%F 5 min, Yk > ABO A, LL 0.2 nm-min”
I8 FEIR T, 8853k B, WL 8 R MBI 4L, 4/ B
JRCIE] B2 A w4 % o Sham 41 A 2 & K (B M
1 ul) 0B APO AT VRS . kLA 252 58 56 K Ja kT
IT AT . ADP 145 24 77 & AR SCRR™ 3E 47 Ak
FRELADP T80 &, I T AE R K, 733, -20 °C
{RAF . Don %5 2455 5 2 W SCHR, #iiE FH 0.5% & H
LA 2 NI R R, 735, 4 °CIRAF -

ITRAZEXE

W37 5256 (open field test, OFT) W37 236 11 4 &
)R BE A AT o B L BCE AR A ES R ) A B R A
SuperMaze 31 3% /N BR S min 1 H B &3P .

R R E S8 (elevated plus maze, EPM)
H /0N BRUTHD 1) 8, 0 JCPE XU A2 s i Ao, Lk AR
2 5 min, i ] SuperMaze B4 1c 53 70 H 58

B JB 5L (tail suspension test, TST) SE /N ER 1Y
B (BEE AR 2 em Ab) T3 48 b, OR4F S0 HE & S 1
2110 em, & H A IC 5% /N B 6 min FVEB1E O, 1HH
J& 4 min AN B I [H] .

B3 Y7 Kk S 56 (forced swim test, FST) /N i B
TFEHAN15 em KIE N 20 em 1358 3 & o KRR
25 °C), J i H B Bk 6 min, 115 J5 4 min 11430
I 1] o

Morris 7K #5256 (Morris water maze, MWM) U1
AU AT IR IREAT 4 KI8Tl 25 (52 20) F LR =
R L5 (1212). 4§ FH VideoMot2 #LAIR 5 & 4t i
S/ BRI 8 B AR A AN E N AR R PR I

A ZARAC 2 5L 5 (fear memory test, FMT) AR
P SCHRU Y IE 19 75 72K FH Any-maze 2% PF RV &R G
P/ B 1 e AR AT 7R R RS AZ, v BB B[]

HEARWE A7 R RS, 2% 7 5 bt BRI /N
B, WSk, VO ECHE A 2R, BT A I N TR R R
1B — eI TE], S8 J5 FH A I 4% 2 5 S (PFA) 8 2
BULEOK b3 By, WU R 5 5% N =80 °CUKFE TRAT o

Nissl &I U O E w2, FA
TG B, F5 g B i DX PRI AT I, TN B AR 288 1) A
£ 3 b, RURR R K VB T A, BN
5 pum; fixi 2 RIS, B IRGWIR Gt )5, SR B
T4 W 22 sham 41 D-gal+A SO 4H . D-gal+ASO+ADP
HoNRIED CAL X e I/ME )AL, & 2/ B BEHLiE
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I3 ANAS [RIRR B 47 H0 8%, JFA8 H Image J A SE 1t 45
) S5 TO A P A 4 B 35 S) ) A B =

ESTRE RN RS AL (1 mm®) KA
FY) 2.5% J3 — T v bR i TE L 48 1% BRIER T O E JS
WK BEAT BB FE W 7K, P50 Joe 38 20 S0 IR o O, o 3,
Y1 R (B RE2H 70 nm), BEERAH TR IRETR G (. fEIE
i HL T W 8% (transmission electron microscope, TEM)
N VLR T T fish 5 A6 R A 22 20 i 1) AR 4K, IR R R/
B B LA 5% 22 20 10 5k S 2R 4T 40 AT

SRR FERME /N R S AL, LU
€ F: SOD MDA il GSH /K. #x i, 735 i1 A\ SOD.
MDA F1 GSH 71 & i) S UM, 720K _F 78 73 BF %, 5
O, BCETE o AR A IR ) & e B 2 B TG ) R N
PR R o SR AEAH BT DB 25 il RO B2 ME
FARE bR vtk it 22 1 H HH SOD MDA FI GSH 1 & &

RIEFFRIME Wb/ B DI E 2 0E
A F7KF. K H ELISA 7%, 1% & 1L-15 F1 TNF-a i 5
SR U AT R . FE K A = 450 nm 4b I & %
T ity B BE AL, AR i il 22 1F 55 TL- 18 A TNF-o )
TR,

EBERBENE i D425 RIPA 2R
PMSF Flfif BRI 40 il 771 (1002 12 1) YA, UK 178 4 0F &
2. KM BCAEMIRIMEA#ITEE. Wi H
b 5 TR AE, 23 0 ] 5 i A 8% B 12% 1)
S Ay BCAE 115 V.80 min 25 1F N 4 5 8 1A i Bf
i, A RS BB RR AT YR R L, 76 Did e 5 ) A 855
T LL400 mA #1540 min. I 5% it i Wk 76 = i T 3
412 h, B f5 5 Tau.mTOR.AB (— Pk FE )4 1:800),
p-Tau. GFAP. GluN2A. p-GluN2B. GluN2B. PSD95.
calpain-1.calpain-2.p-mTOR .p-AKT.p-CREB.CREB.
BDNF Al B-actin (¥ £ 4124 111 000) #4174 °CHF & it
B R HFH TBST $E¥ 3 7K (3%10 min) J&, H BRI A
1k 9 i b 12 1l 2E T %R T1gG a2 B R 1gG (1
10 000) =M A 2 ho 2R J5 FEB UL 22 R 6 52,
Image J JC1F 73 A 26 B0 25 BE AR

ADPEMR T R EMERESMNTEE A SR
FEh 25 RS 253 A Kl 2 5 93 ¥ & (TCMSP, htps:/
old.tcmsp-e.com/tcmsp.php) FIA 41 % (HERB, http://
herb.ac.cn/) S 48 ADP % LIk 24 f) K046 2 1%
gy . BLH IR A=) K B BE (OB > 30%). I i BF B
(BBB > -0.3) Ml 225 1% (DL > 0.18) Jy % {1 i it
TCMSP ' ADP [ 3% P % 73 ; Xf HERB #(#8 E b 5
TCMSP ¢ # & # i 73 F| F Swiss ADME *F- & (http://
www. swissadme. chl) [f] “GI absorption: high. BBB: yes
I drug-likeness 2 /b /& A A yes” I 25 AR 34T I ik .

W J&i ) Fi] Swiss Target Prediction 54/ 22 7 & 2% i 2>
(¥1 15 FH #E £, % B probability > 0 [ NJEE 5, JE S A
Uniprot £ % (http//www.uniprot.org/uniprot/), X 48 s
FER A AT EIIE

AD FHXE0 S AUFREY  LL“Alzheimer's disease” {F
ks & A, 43 5 A A TTD (http://db. idrblab. net/ttd/)
OMIM (https://www. omim. org/). GeneCards (https://
www.genecards.org/) F1 DisGeNET 3% (https:/www.
disgenet.org/) 4 AD #H G HE 5. XJ T GeneCards 1
DisGeNET # # & 1 3% 15 19 %8 55, 4 5 BA “relevance
score > 107 f1“score > 0.17 N2 4F#E 17 7%k, 5 TTD M
OMIM #45 P it 3R 45 (I HE & )F £ . 4% ADP [ 42
M5 AD B 1R G A2 SR HE AT, 1F O ADP IR YT AD
TEAERE o R 22 B2 A m) A5 4R ADP A% B ) 7
PRy, YE2N ADP 736 AD A 20855

“hG-BYA S -ERES SRR 2l
## 37 Network Fll Type 3L, 5 A Cytoscape 3.7.1 # {4
WKL W - U Ay - R RN 4 . H
(degree) J& B A0 W4 5% s B EAE 1 S 40E
(R AR, A BROK, 50 BH Y AULE X 2% ) B M
A N Network Analyzer W 45 3 $1 73 BT T g A ) 25 2L
S8, K, A7 F) F degree {B 5 4% H 5l 10 4~ %2
1EN ADP 1) G B PE 8.

KEGGE&E M K LA HEW S LR
Metascape U4 i, % ADP G ¥7 AD W TE 48 ST &
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Total ion chromatogram (TIC) of methanol, Anshen Dingzhi Prescription (ADP) solution and mixed control solution in positive

ion mode (A-C) and negative ion mode (D-F). 1: Ginsenoside Rgl; 2: Tenuifolin; 3: Ginsenoside Rb1; 4: a-Asarone; 5: Poricoic acid B
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Table 1

Ionization information of five chemical components of ADP in positive and negative ion mode

Observed Calculated Mass error/

No. f/min Formula Adduct () () 10

Ton (m/z) Identification ~ Ref.

1 28.064 C,,H,,0,, [M+Na]" 823.4820 823.4803 2.06

427772

2 42.162 C,H,,O,, [M-HT

367756

3 42746 CH,,0,, [M+H]'

547792

679.3712 679.369 4 2.65
1109.6166 1109.610 8 5.23

4 50468 C_H, O, [M+H]'

127716 73

5 59.206 C,H,0, [M+H]

30" 44

209.118 1 209.117 8 1.43
4853286 4853267 391

194.094 3,179.071 5, 151.077 2, 121.065 2
467.3189,325.213 0

621.440 1, 603.428 8, 459.386 4, 441.374 8,
423.365 5,405.352 1

455.3150,425.3059

767.497 3,749.487 0, 649.222 4, 605.441 0,
587.431 6,487.165 0, 443.388 9, 425.380 3,
407.369 1, 325.113 4, 289.091 5, 217.195 8,
163.061 1, 145.049 6, 127.040 4

Ginsenoside Rgl  [16]

Tenuifolin [17]
Ginsenoside Rb1 [16]

o-Asarone [18]
Poricoic acid B [19]

(P> 0.05, Bl 2F. G), iX & B D-gal #} [F] ABO 73 5 A fig
g AD /N EIINEEFEAT A . MWM 45 3L iR, D-gal+
ABO /N HT 4K (P<0.05) fE 5K (P<0.01) ik
BRI R E T sham 41, 75 H A3 R BR 145 57 i 1] 5
E4i L (P <0.01); 5 D-gal+ABO 41 tL, ADP B & 3%
AR /N B AR B & BT AR, 140 H bR SRR 045 B
], X % B ADP REf% 238 AD /BRI 2 ez 454 (F
2B.2H~1). FMT 4iRE W], 55 sham 21 L, D-gal+ABO
/N RRAE R SR AECAZ ARG 7 2R AR A2 7 i )
B 2. 455 55 (P < 0.05); 5 D-gal+ABO 20 b, ADP 20 /)
BRZE T SR IEIE 2 Hp i 4 e T 0] S5 35 38 0 (P < 0.01),
E 1 7 ZY P A7 1 ks s 1) 6 S22 AR Ak (P> 0.05),
Don ZH 7£ FMT 1 [] &t s 5] 8] 55 D-gal+ABO 2HAH EE 6
GuitFE X (P> 0.05). XK D-gal i[5 ABO V14 3
N BRARCAZ %2 451, ADP WS 2038 AD /N RIS 5
RARICZ (B 2K.L). FiRg5 4R 7R, ADP X D-gal ¥
7] ABO 155 1) AD /)N B R JEREAT A0 2 21012 D e b
AASEER.
3 ADPPHIED-galthEl APO IFESHAD HNRED
XRIE I

Nissl J+ 425 LR, 55 sham A A LL, D-gal+ABO
/N RIS CAL X HEAZH Bl 2%, TR AR H AR
P, M N Nissl /M B 2 @ 4 5 D-gal+ABO ZH A
tt, ADP % 24 )5, 3% T 4 4 03 45 A1 Nissl BH P 4 22
JLIIK > (P <0.001, B 3A.B). Western blot 4% 4 1,
D-gal P} [A] ABO i 3 /N B p-Tau Fll AB 25 (R 1k 0 %
& T sham 41 (P < 0.01, ¥ 3C. D), ADP fig & & #ll #1
D-gal 11 [A] ABO 75 T 1) /)N i p-Tau f1 Ap B 3R 1A
M3 . TEM W% &% 4/ B 15 #0400 1) il &5
Mo g5 R TR, 5 sham 2 AH Hh, D-gal+ApO 41/ B 11
Iy 40 2 0 H ISR BT, A0 M 38 K & K, TR AR AR
N P2, W% Y 0 R R4 ADP 45 25 )5 I B IX s g AR
(H3E).

PRk, PG T S 4141 SOD MDA fil GSH %54,

A RLOH G Rl - 2R IA K . 25 R IR, 55 sham 44
tt, D-gal+ABO 4/ i3, SOD 3§ 1 Al GSH/GSSG LA &
F AL (P <0.001), MDA /K1 & 25 FH &1 (P < 0.001);
ADP 45 24 J5 i % [ AR T D-gal P [/ ABO 75 3 1/ &R
MDA & & (P < 0.001), ¥4 /il SOD & 4% (P < 0.01)
GSH/GSSG A& (P <0.001) (Kl 3F).

K ELISA VA6 I 1 ¥ B 2H 23 98 i IRl ¥ 1L-6 Al
TNF-0 7K *F- . D-gal+ABO 41 1L-6 (P < 0.001) Fl TNF-a
(P<0.01) & &3 =T sham 41, 1 ADP #] LA ]
D-gal #} [A] ABO i 5 1) TL-6 £ TNF-a 7K °F- 34 1 (&
3G). Western blot 45 R 3£ B, D-gal ¥} 7] ABO 7 T 19/
b GFAP R R 1A W 3% = T sham 21, 171 ADP 4524 )5
GFAP & [ H I F %, 5 D-gal+ABO Al LL %, Z R BH
Giit a3 (P<0.05, B 3H). Eik4E R /R, ADP
Tk BH B S R BOR i 22 98 RE IR D-gal P [R] ABO 15 2
(1) AD FF 7> B BE 022
4 ADPJEMRL S AE S AN R 20 S O

PL TCMSP Al Swiss ADME % 4f g #5470 i, 33K
73 64 /Nl /& S AF ) ADP VG PE Ry o 2 5 B Swiss
Target Prediction V- & % ADP F7% 14 ik 43 32F 47 ¥ 05 T
W, 13 B IR 2 11268 /N, PRAFEE S 11241, AS#E R
633 /1>, 1 B HE A 501 S, A B BE A 225 A S e D
U100, 0 DL A fUE AT SRR A4 B E VB IR A E S
L AR 844 1~ ADP I 1F FH B8 X . & Bl BE DA
“Alzheimer's disease” N IS EEH HEATHG R, 5 31 K 45
B TTD ik 1] 163 AN $E 25, OMIM §ifi ik 21| 564 4™ $E 55,
DisGeNET #6673 1M¥ 51, GeneCards i %] 1 5361
S, M ARG EE, AR R 243805
AD FHSCHIHE 55 . )5 ADP T AD 3% [ #E 25 BLAS
£, BEIILA SN 3391 .

5 “HREH-EMRT-HEBES NG

B oy 3 HE T 5 N Cytoscape B AF (I A
3.7.1) #k— ¥ ADP 5 AD (1) “Hp 25 3% P il o - 3%
B (E4). 1ZMZ% B 56445, 4970 %%
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Day
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Duration in target quadrant / s

Figure 2 ADP improved Alzheimer's disease (AD)-like behavior induced by D-gal combined with ASO in mice. A: Illustration of the
experimental design; B: Representative traces of OFT, EPM and MWM tests; C: Total distance of the OFT; D: Central area counts of the
OFT; E: Percentage of open-arm time of the EPM; F: Immobility time of the TST; G: Immobility time of the FST; H: Escape latency on the
first four days of the MWM; I: Escape latency on day 5 of the MWM; J: Duration in the target quadrant on day 5 of the MWM; K: Freezing
time of contextual fear memory; L: Freezing time of cued fear memory. n = 10, mean £ SEM. "P < 0.05, "P < 0.01 vs sham group; “P <
0.05, 24P < 0.01 vs D-gal+ApO group. D-gal: D-galactose (600 mg-kg™); ABO: A oligomer (5 pg-puL™); Don: Donepezil (2 mg-kg"); OFT:
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Open field test; EPM: Elevated plus maze; TST: Tail suspension test; FST: Forced swim test; MWM: Morris water maze



BOHESE: SME ST D- LB E] ABO 1 T HR) /N BB R SR IR AT D B o0 A L B LG T - 127

A Sham D-gal+ABO D-gal+ABO+ADP

B D
<
. Sh
£ 400+ A
— mu D-gal+ABO
5 5 25q = D-gal+ASO+ADP
] 7]
= 3 sk
: pacin —— -]
g 2004 - %%\
o = N 1.54
a i | — — | ok
S 100+ — 23
= = = 1.0
53 3 (=)
£ pcin | ——— 2
2‘5 0- ‘g’ 0.54
& O 3
s° & & L § Z oo
& X 3 & i
< % Yg? & O
9 X <F \4
& N »

Q

D-gal+Af0 D-gal+AfO+ADP

L

F G H
— GPAP | — ——
mm D-gal+ApO -
= D-gal+ABO+ADP - ]S)hani A B-Actin --|
s D-gal+.
B D-gal+ASO+ADP =
S 200 *¥k 800 galtAf 24 *%
3 4
= 150 ' £g o
3 E £ 1.5
f; 100 'i RE & 6007 3 -
R £ ann o
2 = = 1.0
2wl 8 4004 ~
£ g - <
E 20 § 200 A S 0.5
3 *k ADA =
= sokok 3 &
& o- 0- =
¥ © o & <§0 N
) =) S
B ® «z@% & & S efv %OXVQ
& ¥ 3
2
9

Figure 3 ADP prevented pathological changes in the hippocampus of AD-like mice induced by D-gal combined with ABO. A:
Representative images of Nissl staining in the hippocampus (200x). Scale bar: 20 pm; B: Statistical analysis of Nissl-positive neurons; C:
The expression of p-Tau and A/ in the hippocampus measured by Western blot; D: Relative quantitative data of p-Tau and Af expression; E:
The ultrastructure of neurons in the hippocampus observed by TEM (4 000%). Scale bar: 0.2 pm; F: SOD, MDA and GSH/GSSG levels in
hippocampal tissue of mice; G: IL-6 and TNF-a level in the hippocampus measured by ELISA; H: GFAP expression measured by Western
blot. n =3 or 4, mean = SEM. "P < 0.01, ""P < 0.001 vs sham group; “P < 0.05, “*P < 0.01, ““*P < 0.001 vs D-gal+ApO group. SOD:
Superoxide dismutase; MDA: Malondialdehyde; GSH: Glutathione; GSSG: Oxidized glutathione; IL-6: Interleukin-6; TNF- a: Tumor
necrosis factor alpha; GFAP: Glial fibrillary acidic protein
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Figure 4 Network diagram of "TCM-active ingredient-common target" in the treatment of AD with ADP. The circle represents ADP, the

diamond represents the active ingredients, the octagon represents the common ingredients, and the inverted triangle represents the common

targets. TCM: Traditional Chinese medicine
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Figure 5 GO and KEGG pathway analysis at intersection targets. A: GO enrichment analysis; B: KEGG pathway enrichment analysis
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7 ADP %t D-gal 1[5 ABO i S H /R 8 D Akt
CREB/BDNF {5 S B gAY 20

R 5 X 2% 24 B 2 (1 Tl 45 2, ADP (3% AD 47
AT e I R Al D RE W PIBK/AKt RIS {5 5@ A 2.
456 AD RIR ML AR DA S IE Y, ADP Fl e 2 5 1
M PATEE RS T8RS . Western blot 25 5L 17
7, D-gal+A B0 41/ il GluN2A . PSD95 2 4 # ik /K °F
J% GluN2A/GIuN2B ) bt {H & 3% 1K T sham 4 (P <
0.01), 1fi p-GluN2B # ik i % /5 T sham 2 (P < 0.05);
ADP % 25 W] 1 55 3X B0 R R IA (B 6A~C). L4,
W 5038 i I D-gal #1 [7] ABO 5 3 1/ il ¥ 1 calpain-1
FIK N2 T %, calpain-2 15 B 3E T (P < 0.05), 1M
ADP th ¥ 53X — 45 . (I 6A. D). HfF FL itk — b iE il
TEM KM %2 /1N BRI 1 [X 5 fi 1Y) ME A 454« 55 sham 21
FHLEE, D-gal+ABO ZH /s B By [X R il B & W /b, 5
D-gal+ABO A Eb, ADP ZH /)N 5 1) 2 finh 5 & 2 25 18
(P<0.001, B 6E.F).

N T it — B4R 78 ADP %} D-gal i [/ ABO i T I
AD FEAT R IV AE 4 2 R AP HL, AHIE SR T Akt
CREB/BDNF {5 5 il B AH G R ) K ik . 45 KRR,
55 sham 20 #H L, D-gal ¥ [5] ABO % & 19 /) B ifg 5
p-Akt (P < 0.01). p-mTOR (P < 0.001). p-CREB (P <
0.05) 1 BDNF (P < 0.05) & [ & 1A & 3 ek />, 17 ADP
LU R T X E O RS (B6G~1), Fik4iR
$E7R~, ADP A] REIE L 12 NMDA 52 R4 #i 11 calpain
i5, ¥ Akt/CREB/BDNF i@ #, )& /b 58 filt &5 2%, T
X35 D-gal B A ABO % S 1/N R AD FEAT M.
8 T

9 T vF4 ADP #Z0 i sr 5 C 3R IE 8 R SR L
5 I B9 AT 5 2, 8% 5 GluN2A . GRIN2B. PSD95.
AKTI1.mTOR calpain-1calpain-2.CREBBP.BDNF i
ITX e o EH 56 R IR 23 B A D A AN 52 A4 o) 42 285

RAPE MK HER . 445588 < -4.25 keal-mol ' i), &
W A 4 A s, M4 A BE < -5.0 keal'mol B, &
B 25 & T AT, 24456 68 < -9.0 keal-mol’, &
A A 9 B 4 A s e . ADP IO L 5 e
R X B2 &5 SR R B, B panaxacol (RS23) 5 CAPNI.
chloropanaxydiol (RS7) 5 CAPN1.BDNF 4b, H 45 H
BRI GR2).

FE AR 2 B i B 4G & RE < -10 keal mol ' 4
R, K H PyMOL B At AT rT AL, BH A 25 6 A7 A
Hig k., 45K, mTOR {22 % . SER-118. I3 & iR
THR-2098 %% % fit 5 ginsenoside Rh4 1 il fa 5 1) & 5
YEF 71 (I 7A). mTOR K & R ARG-73 K & &R
ASP-68 145 2% -57 5k 2k it 5 dehydroeburicoic acid J&
HAa e A EE A ) (K 7B). Bk & it — DA
7 ADP TJ fig £ [7) NMDA 2 {4/calpain %l £ 5 1] Akt/
CREB/BDNF 15 ‘518 % K FE & R 1E A

g

s 2 T A I IR AR, A I HE DL X 4y He LAy, AH
kI TR 2 00 TR sl B R S R S E 1R
1™, UPLC-Q-TOF-MS #% AR A Jy— FloBr 2 ik i 4
A, A B P R BBRE A i 1) 23 3 R R ) 5 1 R
JIEERE A RO HAES) 1 25 A S U R R L (AR
N B SE AN [ 24 #) (2020 4F i) 45 th ginsenoside Rgl .
ginsenoside Rb1 A HI T A 24, 2% il 53 1) % 5€ , tenuifolin
A T A A R, AR A B R AR 2 ]
A7 R R, HOR WS R s 2 6 . B TR B,
HPLC.LC-MS £ A 7] BLH T 1R %5 poricoic acid B [ JiT
P, #EHIE, a-asarone A& 7 B T HE K T ) L
G 22—, A A RIS S TR A N K i 7 A A 2 AR A A
=, A, % A UPLC-Q-TOF-MS £ AR %t ik ADP
S AL EE R AT S 5 . LIRSS SRR, ADP F I

Table 2 Results of molecular docking between core components of ADP and predicted targets. RS23: Panaxacol; Al: Dehydroeburicoic

acid; RS8: Deoxyharringtonine; YZ1: 1,2, 3,6, 7-Pentamethoxyxanthone; RS6: Celabenzine; RS7: Chloropanaxydiol; RS15: Ginsenoside
Rh4; RS17: Schisandrin B; SCPS8: 1-Hydroxyacoronene; RS2: Aposcopolamine

Docking score/kcal-mol”

Ingredient GRIN2A GRIN2B PSD95 AKT1 mTOR CAPNI1 CAPN2 CREBBP BDNF
-SH8Q -7UJR -3ZRT -4GV1 -4DRI -1ZCM -1KFU -5186 -1B8M
RS23 -6.2 -5.6 -5.6 -6.5 =-7.2 -4.9 -6 -6.2 -5.2
Al =75 -8.1 =74 =73 -10.4 -6.5 -8.6 -6.6 -7.1
RS8 -7.6 =72 -6.2 -8.3 -9.1 -6.8 -7.6 -5.9 -6.7
YZ1 =75 -6.3 -6.5 -6.7 -7.6 -6.9 =52 -6.5 -5.9
RS6 =79 -7.8 =74 -9.3 -9.4 =7.6 -8.8 =74 =7
RS7 =53 =55 -5.6 -6.2 -6.7 -4.9 =59 =55 -4.8
RS15 -8.9 -8.9 =72 -93 -11.3 -7.8 -9 -8 =79
RS17 =7.1 -6.8 -6.5 =73 -8.5 -5.8 =75 -6.1 -5.4
SCP8 =7.1 -6.5 -6.2 =79 -9.1 -6.7 -7.4 -6 -6.1
RS2 -6.9 -7.8 -6.8 -7.2 -9.5 -6.5 -7.6 -6.6 -6.8
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Figure 6 Effect of ADP on Akt/CREB/BDNF signaling pathway in the hippocampus of mice induced by D-gal combined with ASO. A:
The expression of synaptic proteins measured by Western blot; B: Relative quantitative data of GIuN2A, p-GluN2B and GluN2A/GluN2B
expression; C: Relative quantitative data of PSD95 expression; D: Relative quantitative data of calpain-1 and calpain-2 expression; E: The
number of synapses in the hippocampus; F: The ultrastructure of synapses in the hippocampus observed by TEM (8 000x). Scale bar: 0.1 um.
Yellow arrows point to synapses; G: The expression of Akt/CREB/BDNF pathway-associated proteins measured by Western blot; H:
Relative quantitative data of p-Akt, p-mTOR and p-CREB expression; I: Relative quantitative data of BDNF expression. n = 3 or 4, mean +
SEM. P <0.05, "P<0.01, ""P < 0.001 vs sham group; “P < 0.05, “**P < 0.01, “**P < 0.001 vs D-gal+AfO group. Akt: Protein kinase B;
CREB: cAMP response element binding protein; BDNF: Brain-derived neurotrophic factor; GluN2A: N-Methyl-D-aspartate receptor 2A;
p-GluN2B: Phosphorylated N-methyl-D-aspartate receptor 2B; PSD95: Postsynaptic density protein 95; p-mTOR: Phosphorylated

mammalian target of rapamycin
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Figure 7 The diagram of molecular docking. A: Docking of ginsenoside Rh4 and mTOR; B: Docking of dehydroeburicoic acid and mTOR
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SR A B0 3 0, a5 R A — PR 45 ADP
A Rk

O X 2 525 0 RN R, 358509
FfE 26 R 150, AT 7R i Nissl 42 8 535 5 B3 6
M 5 H RSN . 45 R K I, D-gal ) [
ABO AL BEW] DL T /N R B i 48 o 4 4 Ak 2%, [ I
& R I D-gal B [7] ABO 75 5 17N RS A, tau 25 1 1Y
PR AL KT R AP 2R 25 8 35 38, X 2 45 A& AD
FEG PRI 45 B9 2048 o T ADP RE B (& £ 3% D-gal 3 [
ABO X g Hy 22 T R B B, I T tau 25 1 B
B AR ABRIE . AW T 45 B 3271, ADP X} D-gal
R ABO 75 T (115 5 DX 5 B 454 A R EH -
X =25 R BT 2= g A — 2, $27R D-gal
7] ABO 5 T 1 /) BRI 5 25 ) g 3 D5 48 W R =2 47 N %
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SN SLIORN R 28 9 0E BT DAINIE AD (1) 2 95 2E 72 -
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HoJiefLThRe O E Y, fE AD R, AB RIS 2
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J5T 40 B R R 46 IRl T (W IL-1B8+1L-6 Al TNF-a), {2
HERR 2 RAE IR AP A, Bl 4 JORE S R AT
PAIE N ROS (172 42, R 3 AB AE AN Tau (1% R f4 5105
AN, T BCEME IR, Bk TS K R TR
12 Jt £ P AP IS 2 T s N2 AP B2 T G I 4 T e A 9 S
W%, FURHIE A A0 M IE K L GFAP Fas 4 ", 5L
EARIEA — 2, AT R KB D-gal B [F ABO AT LA
755 /0N WU P S ISR A 22 SORE ) K A2, T ADP X
/B AD FEAT O B S0 AR TR A 5 L BE Lk S S A
B A ME A R SR T A K. AN, /NI
JoT 40 2 51 A A 22 RAE Y T B S AH L, ADP & 7
S /N 5 o 4 M B 3 A6 BE 1 AD TS A A Ttk — 2B
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HE iR ok SR Y AR 92 B 1% U5 15 K W panaxacol .
dehydroeburicoic acid. deoxyharringtonine. 1, 2, 3, 6, 7-
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aposcopolamine %5 7] §E /& ADP A% 0o il 7« BLAF, i
13 3] ADP If97 AD 75 339 ML S . IX SUEE AT
B2 50 E R B T R R AR AT L ROAE K 40 L
TR R, 7R IX B 7E AD (1 K 95 BL i) o Rl B 473 15 45 2
M.

s 5 Mt B ) GluN2A 3244 (F GRIN2A Zwfid) 7
PAARE 26 e 3E £ 37 b 22 0 A7 35, 9 T IO R Ak Ak 1)
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HEMMPAE T ERERNE, &5 GluN2A 1%
5 1% 98 () PSD95 ik A K. Calpain 4t T NMDA
SRR, &R Ca® IR S ) R A, A
calpain-1 (FH CAPNI % i) Fl calpain-2 ( HH CAPN2 %



<132 - 222224 Acta Pharmaceutica Sinica 2024, 59(1): 119-134

iy P AP T, RlOPE JR IR BE ) Ca™ B BABL TS calpain-1,
£ JBE R W 1) Ca™ W] DL TS calpain-2. 1 B TS
calpain 2= 5| 2 Dy 41 2R 1) 25 74 FH D e R AE o, 5880
PR IR AT U FAN AR FEAT N B A, Bk R
2 PRI 0 3% B 3K 79 ot I 28t A R RO SRR R F o %
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FUASBE BT D-gal U1 [F] AB,,, % 5 (0 HT-22 41 Uk A0 T-
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AD-like 4
behavior o

Figure 8
underlying the neuroprotective effects of ADP against AD-like
behaviors. The molecular mechanisms of ADP on AD appeared to
be mediated by NMDAR/calpain axis, Akt/CREB/BDNF signaling

pathway and improve synaptic deficits
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